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(57) Abstract: A system for reducing signal crosstalk in a flexible trace intercon- 
nect array includes a flexible dielectric material base, and a plurality of conductors 
longitudinally arranged as pairs in a signal layer array on the base. At least one of 
the pairs of conductors comprises a twisted pair. 
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SYSTEM AND METHOD FOR CROSSTALK REDUCTION 
IN A FLEXIBLE TRACE INTERCONNECT ARRAY 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a system and a method for crosstalk 

reduction in a flexible trace interconnect array. 

2. Background Art 

Flexible trace interconnect arrays (so-called flex circuits) are used in 
tape head assemblies to connect the recording head to respective read and write 
10 circuitry. The flexible trace interconnect arrays are constructed primarily of pairs 
of conductive traces disposed on or in a flexible dielectric material. The conductive 
traces connect the read and write elements of the tape head to the respective read 
and write circuits. 

In conventional flexible trace interconnect arrays, individual trace 
15 pairs couple, both capacitively and inductively, with other trace pairs that are in 
close proximity (i.e., neighboring traces) due to the density of the traces. Such 
coupling can cause undesirable crosstalk in signals that are transmitted (i.e., 
presented and received) using the flexible trace interconnect arrays. 

Conventional approaches that have been implemented in an attempt 
20 to reduce or eliminate the coupling and crosstalk between trace pairs that are in 
close proximity to each other in flexible trace interconnect arrays include using 
conductive shielding to separate trace pairs, implementing "pseudo-twisted" pairs 
of trace arrays, and physically separating horizontal and vertical distances between 
flexible trace interconnect array conductor pairs. However, such conventional 
25 approaches typically fail to effectively reduce or eliminate the coupling and crosstalk 

-1- 



7/7/06, EAST Version: 2.1.0.11 



WO 2006/036689 PCT/US2005/033798 

between trace pairs that are in close proximity in flexible trace interconnect arrays, 
especially in high density implementations. 

Thus there exists an opportunity and need for an improved system and 
method for cost effectively reducing or eliminating coupling and crosstalk in 
5 connection with flexible trace interconnect array conductor pairs. 

SUMMARY OF THE INVENTION 

The present invention generally provides a system and a method for 
new, improved and innovative techniques for crosstalk reduction in a flexible trace 
interconnect array for multi-channel tape heads. The present invention generally 
10 provides a system and a method for a true twisted pair conductor implementation in 
a flexible trace interconnect array. 

According to the present invention, a system for reducing signal 
crosstalk in a flexible trace interconnect array is provided. The system comprises 
a flexible dielectric material base, and a plurality of conductors longitudinally 
15 arranged as pairs in a signal layer array on the base. At least one of the pairs of 
conductors comprises a twisted pair. 

Also according to the present invention, a method for reducing signal 
crosstalk in a flexible trace interconnect array is provided. The method comprises 
disposing a plurality of conductors arranged as pairs in an array on a flexible 
20 dielectric material base, and forming at least one of the pairs of conductors as a 
twisted pair. 

Further, according to the present invention, a flexible trace 
interconnect array is provided. The array comprises a flexible dielectric material 
base, a plurality of trace conductors disposed as pairs along a longitudinal axis of 
25 the base, and a crossover section formed as a true twist in at least one of the 
conductor pairs. 
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The above features, and other features and advantages of the present 
invention are readily apparent from the following detailed descriptions thereof when 
taken in connection with the accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIGURE 1 is a diagram of a flexible trace array according to the 

present invention; 

FIGURES 2(a-c) are diagrams of alternative implementations of a 
flexible trace array according to the present invention; 

FIGURES 3(a-b) are isometric diagrams of alternative 
10 implementations of a twisted conductor pair in a flexible trace array according to the 
present invention; and 

FIGURES 4(a-b) are detailed illustrations of a structure of a flexible 
trace array according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

15 With reference to the Figures, the preferred embodiments of the 

present invention will now be described in detail. Generally, the present invention 
provides an improved system and method that implements new and innovative 
techniques for a flexible trace interconnect array having mitigated, reduced or 
eliminated crosstalk between conductor pairs when compared to conventional 

20 approaches. The improved system and method of the present invention generally 
provides for including one or more true twists in a trace pair that is implemented in 
a flexible trace interconnect array. 
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Referring to Figure 1 , a diagram illustrating a top view of a flexible 
trace conductor interconnect array 100 of the present invention is shown. The 
interconnect array 100 may be advantageously implemented in connection ^with 
respective multi-channel tape head read/write circuitry (not shown) in a data storage 
5 system (not shown). The interconnect array 100 may be implemented in connection 
with any multi-channel signal communication (i.e., transmission and reception, 
presenting or sending and receiving, etc.) application that includes a flexible trace 
conductor interconnect array. 



The array (e.g., system, apparatus, etc.) 100 generally comprises a 
10 flexible dielectric material base (e.g., film, sheet, flexible substrate, and the like) 
102 (shown in phantom), a plurality of trace conductors (e.g., leads, wires, etc.) 
104 (e.g., traces 104a - 104n) that comprise a substantially parallel trace group 
(e.g., a pair of traces 104, a single lead 104, a plurality of traces 104, etc.) 106 , and 
at least one pair of trace conductors 1 10a and 1 10b that comprise a twisted pair 1 12. 

15 The twisted pair 112 generally includes a crossover section <i.e., 

portion, lead, link, wire, conductor, part, etc.) 120, and has a crossover point 122. 
The twisted pair 112 (i.e., the traces 110a and 110b) are generally substantially 
parallel except at the region where the twist is implemented using the section 120. 
The traces 104 and 110 generally comprise flexible conductors that are disposed 

20 (e.g., deposited, coated, sputtered, electroformed, plated, laminated, silk-screened, 
layered, etc.) longitudinally (i.e., disposed in a direction 114) as a signal layer in 
or on the dielectric materia] 102. The crossover point 122 is generally the location 
where the leads 1 10a and 1 10b cross over each other and proceed to a parallel path. 



The dielectric material film 102. is generally implemented as an 
25 electrically insulating (i.e., non-conducting) material such as polyimide, rubber, 
teflon, mylar, and the like. However, the base 102 may be implemented using any 
appropriate (or suitable) flexible dielectric material to meet the design criteria of a 
particular application. 
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The trace conductors 104 and 110 are generally made from (i.e., 
produced from, implemented using, etc.) at least one electrically conductive material 
(e.g., gold, silver, copper, aluminum, and the like). However, the conductors 104 
and 110 may be implemented using any appropriate (or suitable) electrically 
5 conductive material to meet the design criteria of a particular application. 

The trace pair 106 (e.g., tfcie traces 104a and 104n) may be 
implemented as parallel trace conductors. Hie twisted pair 112 generally includes 
at least one crossover 122. The flexible trace conductor interconnect array 100 
generally has a length that is shorter than a wavelength of a signal of interest. As 
10 such, signal coupling and crosstalk generally occur between traces pairs that are in 
close physical proximity to one another. 

However, in contrast to conventional approaches where true twisting 
is absent (i.e., not implemented), the true twisted pair 112 generally has a signal 
polarity reversal at the crossover point 122 (i.e., polarity reversal of a signal carried 
15 on the conductor pair 112). The polarity reversal of the signal coupling and 
crosstalk generally yields a net coupling that is substantially zero (i.e., the crosstalk 
is substantially eliminated). The twisted pair conductors 112 may be implemented 
in connection with read lines, write lines or both read lines and write lines (i.e., at 
least one of read lines and write lines). 

20 In one example, the twisted pair conductors 1 12 may be implemented 

in connection with one or more shield layers (i.e., layers of a generally flexible 
conductive material that are generally implenaented in the interconnect array 100 to 
provide electrical shielding between layers or conductors). In another example, the 
twisted pair conductors 1 12 may be implemented in connection with an interconnect 

25 array 100 that is implemented without shield layers. 

Referring to Figures 2(a-c), alternative example implementations of 
the flexible trace conductor interconnect array 100 (e.g., arrays 100, 100', and 
100") are shown. Figure 2a illustrates an ex: ample implementation that comprises 
the parallel conductor pair 106 and the twisted conductor pair 112. The crossoveT 
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122 may be implemented at approximately (i.e., about) equal to half the total length 
of the interconnect array 100. In another example implementation of the present 
invention, the location of the crossover 122 may be selected (i.e., tuned, 
determined, chosen, etc.) such that crosstalk is minimized for a signal having the 
5 lowest frequency that is normally transmitted in the array 100. 

Figure 2b illustrates an example implementation (i.e., the array 100') 
having two twisted conductor pairs 112 (e.g., conductor pair 112a and conductor 
pair 1 12b). The respective crossover points 122 of the conductor pairs 1 12 (e.g. , 
crossover point 122a and crossover point 122b) may be longitudinally separated by 

10 a distance (or length), S' , that may be substantially equal to one half a wavelength 
of a signal of interest (e.g., a signal having the lowest frequency that is normally 
transmitted in the array 100'). In another example implementation of the present 
invention, the distance S' may be selected (i.e., tuned, determined, chosen, etc.) 
such that crosstalk is minimized for a signal having the lowest frequency that is 

15 . normally transmitted in the array 100'. 

Figure 2c illustrates another example implementation (i.e. , the array 
100") having two twisted conductor pairs 1 12. The longitudinal separation distance 
S between the crossover points 122 may be implemented as generally randomly 
unequal distances. 

20 Referring to Figure 3a, an isometric view illustrating an example 

implementation of the true twisted conductor pair 1 12 in the flexible trace conductor 
array 100 of the present invention is shown. The flexible trace conductor array 100 
that is illustrated in Figure 3a may include a shield layer 130 that is disposed on the 
side of the base 102 that is opposite the traces 1 12. 

25 The crossover lead 120 may be formed as a section of the shield 130 

that is insulated from the remainder of the shield 130 by the dielectric base material 
102. Vias 140 (e.g., vias 140a and 140b) may be plated through the dielectric 102 
to produce the serially continuous conductor 1 10a. A first section of the trace 1 10a 
(e.g. , section 1 lOaa) may have an end that is serially connected to a first end of the 
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link 120 by the via 140a. A second section of the trace 110a (e.g., section HOab) 
may have an end that is serially connected to a second end of the link 120 by the via 
140b. The trace 1 10b may include a zig-zag (e.g. , "Z") shaped portion 124 on the 
top surface of the base 102 between the vias 140a and 140b such that the traces 1 10a 
and 1 10b are substantially parallel except for the region of the lead 120 where the 
twist formed by the vias 140 and the conductor section 120 in connection with the 
zig zag section 124 is implemented. 

Referring to Figure 3b, an isometric view illustrating another example 
implementation of the true twisted conductor pair 112 in the flexible trace conductor 
array 100 of the present invention is shown. The flexible trace conductor array 100 
that is illustrated in Figure 3b may be implemented by disposing (i.e., plating, 
embedding, and the like) the conductor section 120 of the trace 110a apart (i.e., 
separated, insulated, etc.) from the trace 1 10b. The dielectric material (i.e. , the flex 
circuit 1 10 base) 102 generally separates the conductor twist portion 120 from the 
trace 110b. 

Referring to Figure 4a, a diagram illustrating an implementation of 
the shield 130 and including the link 120 as a section of the shield 130 is shown. 
Referring to Figure 4b, a diagram illustrating the traces 110 on the base 102 is 
shown. In the example implementation of the array 100 illustrated in Figures 
4(a-b), the trace 1 10a uses the link section 120 of the shield 130 as the crossover, 
and the trace 1 10b has a crossover (e.g. , the zig zag portion 124) in the signal layer 
to form the true twist of the twisted pair 1 12. 

As is readily apparent from the foregoing description, then, the 
present invention generally provides an improved method and an improved system 
for a flexible trace interconnect array (e.g., the array 100) having mitigated, reduced 
or eliminated signal crosstalk between conductor pairs (e.g., pairs 106 and 1 12 or 
multiple pairs 1 12) when compared to conventional approaches. The improved 
system and method of the present invention generally provides for including one or 
more true twists (e.g., using a crossover section 120) in a trace pair (e.g., the traces 
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110a and 110b configured as the trace pair 112) that is implemented in a flexible 
trace conductor interconnect array (e.g., the array 100). 

While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all 
5 possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 



1 1. A system for reducing signal crosstalk uua flexible trace 

2 interconnect array, the system comprising: 

3 a flexible dielectric material base; and 

4 a plurality of conductors longitudinally arranged as pairs in a signal 

5 layer array on the base, wherein at least one of the pairs of conductors comprises 

6 a twisted pair. 

1 2. The system of claim 1 further comprising a shield disposed 

2 on the base and the base separates the shield from the plurality of conductors, 

3 wherein a portion of the shield forms a crossover lead in a first conductor of the 

4 twisted pair, and a zig zag portion of the signal layer forms a crossover lead in a 

5 second conductor of the twisted pair. 

1 3. The system of claim 2 further comprising vias to connect the 

2 crossover lead portion of the shield to the respective conductor of the twisted pair. 

1 4. The system of claim 1 further comprising at least one other 

2 conductor that is substantially parallel to the at least one twisted pair. 

1 5. The system of claim 1 further comprising at least two twisted 

2 conductor pairs, and respective crossover points of the conductor pairs are 

3 longitudinally separated by a distance selected to minimize crosstalk for a signal 

4 having the lowest frequency that is normally transmitted in the system. 

1 6. The system of claim 1 further comprising at least two twisted 

2 conductor pairs, and respective crossover points of the conductor pairs are 

3 longitudinally separated by randomly unequal distances. 

1 7. The system of claim 1 wherein the conductors comprise at 

2 least one of gold, silver, copper, and aluminum. 
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1 8. The system of claim 1 wherein the base comprises at least one 

2 of polyimide, rubber, teflon, and mylar. 

1 9. A method for reducing signal crosstalk in a flexible trace 

2 interconnect array, the method comprising: 

3 disposing a plurality of conductors arranged as pairs in an array on 

4 a flexible dielectric material base; and 

5 forming at least one of the pairs of conductors as a twisted pair. 

1 10. The method of claim 9 further comprising disposing a shield 

2 on the base and separating the shield from the plurality of conductors using the base, 

3 wherein a portion of the shield forms a crossover lead in a first conductor of the 

4 twisted pair, and a zig zag portion of the signal layer forms a crossover lead in a 

5 second conductor of the twisted pair. 

1 11. The method of claim 10 further comprising forming vias to 

2 connect the crossover lead portion of the shield to the respective conductor of the 

3 twisted pair. 

1 12. The method of claim 9 further comprising disposing at least 

2 one other conductor that is substantially parallel to the at least one twisted pair. 

1 13. The method of claim 9 wherein at least two twisted conductor 

2 pairs, and respective crossover points of the conductor pairs are longitudinally 

3 separated by a distance selected to minimize crosstalk for a signal having the lowest 

4 frequency that is normally transmitted in the system. 

1 14. The method of claim 9 wherein at least two twisted conductor 

2 pairs, and respective crossover points of the conductor pairs are longitudinally 

3 separated by randomly unequal distances. 

1 15. The method of claim 9 wherein the conductors comprise at 

2 least one of gold, silver, copper, and aluminum. 
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1 1 6. The method of claim 9 wherein the base comprises at least one 

2 of polyimide, rubber, teflon, and mylar. 



2 



3 



1 



17. A flexible trace interconnect array, the array comprising: 
a flexible dielectric material base; 

a plurality of trace conductors disposed as pairs along a longitudinal 



4 



axis of the base; and 



5 



a crossover section formed as a true twist in at least one of the 



6 conductor pairs. 



1 



18. The array of claim 17 farther comprising a shield disposed on 



2 the base and the base separates the shield from the plurality of conductors, wherein 

3 a portion of the shield forms a crossover lead in a first conductor of the twisted pair, 

4 vias connect the crossover lead portion of the shield to the respective conductor of 

5 the twisted pair, and a zig zag portion of the signal layer forms a crossover lead in 

6 a second conductor of the twisted pair. 

1 19. The array of claim 17 further comprising at least two twisted 

2 conductor pairs, and respective crossover points of the conductor pairs are 

3 longitudinally separated by a distance selected to minimize crosstalk for a signal 

4 having the lowest frequency that is normally transmitted in the system. 

1 20. The array of claim 17 further comprising at least two twisted 

2 conductor pairs, and respective crossover points of the conductor pairs are 

3 longitudinally separated by randomly unequal distances. 
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